days prior to admission. She had almost total spontaneous recovery with residual mild right upper extremity weakness.
Her developmental milestones were normal and she was a bright student at school. She had been put on steroids and anticonvulsants by the referring physician.
She weighed 1 7 kg. On examination, her blood pressure was 110/70 mmHg with a pulse of 70lminute. She was fully conscious and alert. Pupils were equal and briskly reacting. She had right upper motor neurone facial 'nerve palsy. Right upper limb muscle power was of grade IV/v with mild spasticity and hyperreflexia. There were no other motor or sensory deficits. Routine haematological and biochemical investigations showed no abnormal findings (Table I) . Carotid angiography, done under general anaesthesia, revealed features of moyamoya disease ( Figure I ). Two weeks later, EDAS was performed on both sides under general anaesthesia.
ANAESTHESIA TECHNIQUE 1. For angiography.
After premedication with oral triclofos sodium 750 mg and intramuscular atropine 0.25 mg, anaesthesia was induced with intravenous ketamine I mg/kg. Intubation was facilitated with pancuronium 2.0 mg intravenously and anaesthesia maintained with 0.5% halothane in 1:2 oxygen-nitrous oxide. Respiration was controlled manually via a Jackson-Rees modification of Ayre's Anaesthesia and Intensi.'e Care, VD/. 18, No. I. February, 1990 T -piece. The ECG was monitored continuously and blood pressure checked with sphygmomanometer. The procedure lasted 55 minutes. Residual paralysis was reversed with intravenous neostigmine 1.5 mg and atropine 0.5 mg, and the child was extubated when conscious and obeying commands. There was no fresh neurological deficit.
Anaesthesia for EDAS.
The child was premedicated with oral triclofos sodium 750 mg and atropine 0.2 mg, given intramuscularly. Anaesthesia was induced with thiopentone (4 mg/kg) , 0.5% halothane in 1: 1 oxygen-nitrous oxide mixture. Pancuronium 2.0 mg intravenously was used for intubation after spraying the cords with 4% lignocaine 1.0 ml. Respiration was controlled using a Manley Servovent MS 2000 ventilator with ventilation adjusted to achieve normocarbia. Anaesthesia was maintained with 1:2 mixture of oxygennitrous oxide, 0.5% halothane and divided doses of pentazocine (total dose 12 mg). The
. -Carotid angiogram internal carotid artery and its branches (large arrow) and
the moyamoya vessels (small arrows).
Anaesthesia and Intensive Care. Vol. 18. No. I, February, 1990 dorsalis pedis artery was cannulated for direct blood pressure monitoring (Hewlett-Packard A38497 A) and blood gas analysis. Continuous ECG, nasopharyngeal temperature and urine output were monitored. End-tidal C02 could not be measured because of equipment malfunction. Surgery was performed with the patient in the supine position with the head turned to the side appropriate for each procedure. The patient remained hemodynamically stable throughout the procedure, with a mean arterial pressure between 90-100 mmHg and the heart rate 90-110/minute. Arterial blood gas analysis was done every half hour and PaC02 was maintained between 38-42 mmHg. At the conclusion of surgery the patient's temperature had risen to 38.4°C. The blanket was removed and tepid sponging started immediately. The theatre temperature was lowered to 20°C (from 23°C). Intramuscular paracetamol was given but the temperature remained at 37. 8°C. The F r02 was increased to 0.5 and the ventilator readjusted to maintain normocarbia. Residual neuromuscular block was reversed with neostigmine-atropine mixture and she was extubated in the operating room. She was conscious and obeying commands. Her temperature was 38°C. There was no neurological deficit and she was transferred to the intensive care unit. Her temperature returned to normal in the next four hours. The postoperative course was uneventful and the child was discharged on the tenth postoperative day. DISCUSSION EDAS is performed to prevent stroke by augmenting the blood supply to the hypoperfused areas of the brain and should ideally be done before irreversible neuronal damage has occurred. This procedure involves laying the intact superficial temporal artery on the cortical surface through a strip craniectomy, the expectation being that ischaemic brain will induce collaterals to develop from this artery.
It has been shown by Ingvar6 that the regional distribution of hemispheric blood flow in healthy volunteers has a 'hyperfrontal' pattern. On the other hand, in patients with moyamoya disease, the blood flow is relatively higher in the postero-temporal and occipital regions than in the frontal region, and their mean hemispheric blood flow is low. 7 ,8 Takeuchi et al. 8 also demonstrated that while hyperventilation further reduced the regional blood flow uniformly, hypoventilation increased it in the temporo-occipital region but the flow to the frontal region decreased or remained unchanged. Therefore, in patients with moyamoya disease, both hyper-and hypoventilation can jeopardise the blood flow to the ischaemic frontal region.
A few reports of the anaesthetic management of moyamoya disease have been published recently. Sumikawa and Nagai 9 noticed that patients who were hyperventilated (arterial PC02 30-35 mmHg) had severe neurological deficits postoperatively and other patients in whom where the end-tidal C02 was maintained between 40-50 mmHg showed prompt recovery and no neurological complications. Bingham and Wilkinson 10 found that their patient had seizures during controlled hyperventilation and that the child improved during and after weaning from it. Brown and Lam 11 maintained normocapnia during anaesthesia in their patients and did not notice any neurological deterioration thus supporting the conclusions ofTakeuchi et al. 8 This view is supported further by our case. During anaesthesia for EDAS, we maintained arterial PC02 between 38-42 mmHg throughout the procedure. There were no neurological changes postoperatively.
Ketamine-N 20-02-halothane anaesthesia was used for angiography. As moyamoya was not suspected at that time, clinically moderate hyperventilation was given but blood gases were not monitored. Though we are unable to comment on the PaC02 level during this procedure, the patient did not develop any new complications. For EDAS, halothane was used for maintenance. It has been used in the past in moyamoya patients with satisfactory results. Theoretically halothane can produce 'steal' from the already ischaemic areas but there are no studies, to our knowledge, showing the effect of different anaesthetic agents on moyamoya vessels. We are of the opinion that it is safe to give low concentrations of this agent provided normocapnia is maintained.
Change in body temperature has been implicated as a factor precipitating neurological deficits in moyamoya patients. 12 It has been shown that hyperthermia increases the cerebral oxygen consumption by approximately 5-6% per degree centigrade rise in body temperature between 37_42°C.13,14 A temperature of 38.4°C in our patient was treated vigorously to prevent further ischaemic insult to compromised areas of the brain. We could not identify the cause of this febrile episode. We had not used heating blankets and the ambient temperature of the operating room was within acceptable limits. The patient did not have any features of thyrotoxicosis or infection. Malignant hyperthermia is very rare in our country and was not considered. The child remained afebrile after this episode.
Though there is little information about the effects of various anaesthetic agents on the cerebral blood flow in patients with moyamoya disease, maintenance of normocapnia appears to be the most important factor in determining the neurological outcome in pre-, intra-and postoperative management of these patients. Monitoring the arterial PC02 or the end-tidal C02 is of paramount importance. Halothane, in low concentrations, can be used safely in these patients.
